(eIF)4F direct the 43S complex to the 5Ј end of the mRNA. Subsequently, the 5ЈUTR is "scanned" to identify the translation initiation codon to which the 43S complex repositions (Kozak, 1989 and that it can control cap-dependent translation as
Translation initiation complexes were subsequently allowed to assemble on the mRNAs in cycloheximide-treated rabbit reticulocyte lysate, and resolved by centrifugation in 5%-25% linear sucrose gradients. After fractionation from the bottom to the top of the gradient, the radioactivity was monitored, expressed as the percentage of total counts recovered, and plotted against the fraction number. silencing mechanism may act on a step of the translation assessed on mRNAs of over 2 kb length under these conditions (Gray and Hentze, 1994; data not shown), so initiation pathway that is shared by cap-dependent and CSFV-IRES-driven translation, possibly after the small that it was necessary to design shorter indicator mRNAs to examine the effect of regulation by a 3ЈUTR DICE. ribosomal subunit has been recruited to the mRNA. Anthony and Merrick, 1992), reflecting the necessity of repeated in the presence of GMP-PNP, 48S complexes continue to accumulate until 5 min ( Figure 3C ). This GTP hydrolysis for 60S subunit joining. Such initiation complexes stalled on sORF-fDICE and sORF-fDICEmut strongly argues against the possibility of a masked kinetic delay as an explanation for the result shown in mRNAs, respectively, can be clearly resolved when GMP-PNP is added to the initiation reactions (Figures Figure 2C. To formally exclude this possibility, the effect of hnRNPs K and E1 on 48S complex formation was 2C and 2E, filled squares, fractions 11-15). In contrast to the effect on 80S complex formation, addition of monitored in a 2 min reaction. As evident from Figure  3D , 48S complex formation is not affected during this hnRNPs K and E1 has very little effect on the formation of these 48S complexes (open squares).
shorter incubation time under conditions where 80S complex formation is strongly inhibited (compare D and To address whether the silencing complex may kinetically delay 48S complex formation, which could be B). We conclude that the small ribosomal subunit is recruited to the silenced mRNA, consistent with the findmasked in a translation complex assembly reaction of 5 min duration, time course experiments were performed ings with the CSFV-IRES. By implication, the joining of the 60S ribosomal subunit to form 80S ribosomes with the sORF-fDICE mRNA. As shown in Figure 3A , 80S complexes can already be discerned after 30 s of appears to be inhibited or, alternatively, the small ribosomal subunit may bind to the 5Ј end of the mRNA but incubation. 80S complex formation is increased after 2 min. After 5 and 10 min of incubation, faster sedimenting fail to reach the AUG codon in the presence of the 3ЈUTR silencing complex. complexes form at the expense of the 80S complexes, which likely represent mRNAs with an 80S ribosome Interestingly, we noticed a difference regarding 48S complex formation on sORF-fDICE mRNA in the presarrested at the AUG codon and a 43S complex "waiting" on the 5ЈUTR. When the same kinetic experiment is ence of hnRNPs K and E1 depending on whether GTP 7) were added to the reaction as inhibitors of initiation complex formation before the addition of mRNA. hnRNPs E1 and K were added in lanes 3, 5, 7, and 9. Toe prints resulting from the stop of the reverse transcriptase reaction using primer RT-2 appear 15-17 nt 3Ј from the initiator AUG of sCAT-fDICE (TP CAT-AUG , lanes 6-9). Lanes G, A, T, and C represent the negative strand sequence of sCAT-fDICE, synthesized from RT-2. Figure 2B , open circles; Figure 3B , dashed line), indicating that the asso-GMP-PNP (compare lanes 6 and 7). As was seen in Figures 2B and 3B , the 43S translation preinitiation comciation of the small ribosomal subunit is not stable under these conditions. Since the presence or absence of plex at the AUG codon appears to be less stable when the mRNA is silenced in the absence of GMP-PNP (com-GMP-PNP should not differentially affect translation initiation before the AUG codon is reached by the 43S pare lanes 8 and 9). We conclude that translation initiation on a silenced mRNA proceeds through 43S complex complex, this observation supports the interpretation that the AUG codon is reached by the 43S complex recruitment and "scanning". but 60S joining inhibited when the hnRNP K/E1-DICE complex inhibits translation.
hydrolysis is permitted or not: when GTP hydrolysis is analysis of initiation complexes on sucrose gradients (Figures 2C and 3D), there is only a minor quantitative allowed, the inhibition of 80S formation does not result in an accumulation of 48S complexes. Instead, the mRNA effect of the silencing complex on toe print formation under conditions where GTP hydrolysis is blocked with repartitions to the top of the gradient (
The Silencing Mechanism Finally, we wanted to address how the 3ЈUTR regulatory complex inhibits 60S ribosomal subunit joining. We first Ribosomal Subunits "Toe Print" at the AUG Codon of a Silenced mRNA investigated whether hnRNPs K and E1 can bind to the 40S or 60S ribosomal subunits. Experiments in rabbit We then wanted to directly examine the exact position that the 43S complex reaches on a silenced mRNA. reticulocyte lysate using recombinant hnRNPs K and E1 in a DICE-bound or RNA-free state did not yield any The position of 43S or 80S ribosomal complexes on an mRNA can be identified by stops of reverse tranevidence for a specific association of the hnRNPs with either of the two ribosomal subunits (data not shown). 1 and 2) . Importantly, LOX mRNA, which was included as an internal positive control, is silenced. These findings implicate the eIFs involved in 60S joining as likely molecular targets for the hnRNP K/E1 complex. However, since the CrPV-IGR-IRES may function by recruitment of preassociated 80S complexes, this preassociation could hide ribosomal surfaces that serve as targets for the silencing complex on cap-dependent mRNAs that recruit the ribosomal subunits sequentially.
Discussion
We have investigated the question of how LOX mRNA Figures 2C and 3D ). Intuitively, one might different modes of action for silencing CSFV-IRES and cap-driven translation, the silencing of CSFV-IRESexpect that a regulatory mechanism should act on the rate-limiting step of a pathway. Indeed, the recruitment mediated translation suggests that the silencing mechanism acts after the 40S ribosomal subunit is positioned of the small ribosomal subunit has emerged as the regulated step in the vast majority of well-studied cases.
at the translation initiation codon. Second, in the presence of GMP-PNP, the hnRNP However, any necessary step in a pathway, including those downstream of the normally rate-limiting one, can K/E1-DICE silencing complex appears to make little difference to the formation of 48S complexes that are suffibe targeted by inhibitory mechanisms.
The finding that 40S subunit binding is not inhibited ciently stable to withstand sucrose gradient sedimentation ( Figures 2C and 3D) . By contrast, stable 48S and that a later step is affected also explains why silencing is fully operational for CSFV-IRES-mediated translacomplexes are not recovered with the silenced mRNA when GTP hydrolysis can occur ( Figures 2B and 3B ). tion (Figure 1) , which entails a different mode of 40S subunit binding to the mRNA. We have attempted to This suggests that the silencing mechanism has little effect on ribosome movement and assembly before the assess 40S subunit binding by the TIP assay (Muckenthaler et al., 1998), but failed to achieve sufficient signalpoint of GTP hydrolysis is reached, which is thought to happen after 43S complex positioning at the AUG coto-noise ratios to address the question by this technique.
don. We suggest that silencing acts coincident with or subsequent to the first GTP hydrolysis step and before In principle, the bound 40S subunit (in the form of a 43S preinitiation complex) may either be hindered to a stable 80S complex is formed (Figure 6 ). However, it is formally possible that 48S complexes formed in the reach ("scan to") the translation initiation codon and therefore cause a failure to proceed through 60S subunit presence of GMP-PNP are intrinsically more stable even before the first GTP hydrolysis step is reached. joining indirectly, or 60S subunit joining at the AUG codon may be directly inhibited. For the following reasons, Third, toe printing allows direct assessment of the 
